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SUMMARY 

Longitudinal   aerodynamic  character is t ics   for  a hydrogen-fueled  hypersonic  trans- 
port concept a t  Mach 6 are p r e s e n t e d   i n   t h i s   r e p o r t .  ?he  model  components c o n s i s t  of 
four   bodies   wi th   ident ica l   longi tudina l  area d i s t r i b u t i o n s   b u t   d i f f e r e n t   c r o s s -  
sectional  shapes  and  widths,  a wing, hor izonta l   and   ver t ica l  tai ls ,  and a set  of 
wing-mounted nacel les   s imulated by so l id   bod ie s  on t h e  wing upper   surface.   Lif t -drag 
r a t i o s  were found t o  be   on ly   s l igh t ly   a f fec ted  by fuselage  planform  width or cross- 
s ec t iona l   shape .   Re la t ive   d i s t r ibu t ion   o f   fu se l age  volume  above  and  below t h e  wing 
was found t o  have   an   e f fec t  on the   l i f t -d rag   r a t io ,   w i th  a h i g h e r   l i f t - d r a g   r a t i o  
produced by the   h igher  wing pos i t ion .  

INTRODUCTION 

A r ecen t   t heo re t i ca l   s tudy   ( r e f .  1 )  h a s   i d e n t i f i e d   s e v e r a l   c o n c e p t s   f o r  
h y d r o g e n - f u e l e d   c r u i s e   a i r c r a f t   a t  Mach 6. m e  study  of  reference 1 sough t   t o  pro- 
vide  conceptual  designs which adequately  addressed  the  problem  of   integrat ing  both 
ramjet  and  turbojet   propulsion  systems  with a n  airframe. One of the  propuls ion con- 
c e p t s   t h a t  was se lec ted   for   exper imenta l   ana lys i s   fea tured  wing-mounted propulsion 
systems.  This  concept  consists of high-speed  ramjet  engines  located  on  the wing lower 
surface,   and  turbojet   engines,   which are requi red   for   subsonic-supersonic   f l igh t ,  
l oca t ed   d i r ec t ly  above  on t h e  wing  upper  surface. The placement  of  the  engines  on 
the  wing i s  advantageous  because  no  boundary-layer  diverters  are  needed  for  the 
resul t ing  f ree-s t ream i n l e t s .  

The study of reference 1 , using  hypersonic  impact  theory, shcwed t h a t  a 
l en t i cu la r - shaped   fu se l age   has   be t t e r   l i f t -d rag   r a t io s   t han  a more conventional cir-  
cu lar   c ross -sec t iona l   fuse lage .  Some previous  experimental  work, a t  speeds  lower 
than Mach 6, of a configuration  with a l en t i cu la r   fu se l age   and  wing-mounted  propul- 
s ion  systems is  d i scussed   i n   r e f e rences  2 and 3. 

The fuselage  of a hydrogen-fueled a i r c r a f t  would typical ly   be  very  large  because 
of  storage  requirements of t he  low densi ty   l iquid  hydrogen  fuel .   Trade  s tudies  
between  weight  and  aerodynamic  efficiency  for  various  fuselage  cross-sectional  shapes 
would he  important   for   such  large  fuselages.  'Ihe scope  of  the  present  experimental  
program was the re fo re  expanded to   i nc lude   no t   on ly   an   i nves t iga t ion  of t he   pena l ty  
involved   in   car ry ing   the   tu rboje t   engines   dur ing  Mach 6 c r u i s e   b u t   a l s o  of t h e   e f f e c t  
of  body cross-sectional  shape  on  overall   aerodynamics  of  the model. Various  s tudies  
of   the  re la t ive  aerodynamic  eff ic iencies  of differently  shaped  bodies  have  been made 
i n   t h e   p a s t   ( r e f s .  4 and 5, for   example) .  ?he present  tes t  w a s  made t o   s e e  what 
e f f e c t  body cross-sect ional   shape  has  on the  aerodynamics  of a representa t ive  body- 
wing configurat ion a t  hypersonic  speeds. Four d i f f e r e n t   b o d i e s  were t e s t e d ,  a l l  
having  the same longi tudina l  area d i s t r ibu t ion   bu t   each   hav ing  a d i f f e r e n t  cross- 
sec t iona l   shape .  

The tests were conducted i n   t h e  Langley  20-Inch Mach 6 Tunnel.  Aerodynamic 
c h a r a c t e r i s t i c s  were obtained a t  angles   o f   a t tack  from - 4 O  t o  8 O  and a t  angles   of  
s i d e s l i p  of Oo and -3O. A t heo re t i ca l   i nves t iga t ion  of t h e  model using  hypersonic 
impact theory w a s  also made f o r  comparison  with  the  data. 



SYMBOLS 

The  moment r e fe rence   po in t  w a s  a t  a l o n g i t u d i n a l   s t a t i o n   l o c a t e d  a t  60 pe rcen t  
of   the  body measured a f t  from t h e  nose. 
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body cross-sec t iona l  area, i n 2  

semi-major a x i s  of e l l i p s e  

wing s p a n ,   i n . ;   i n   t a b l e  I, semi-minor ax i s   o f  el l ipse 

d rag   coe f f i c i en t ,  Drag/qS 

d r a g   c o e f f i c i e n t  a t  z e r o   l i f t  

l i f t   c o e f f i c i e n t ,  Lif t/qS 

pi tching-moment   coeff ic ient ,   Pi tching moment/qSL 

yawing-moment c o e f f i c i e n t ,  Yawing  moment/qSb 

change  of Cn wi th   angle   o f   s ides l ip ,  

s ide- force   coef f ic ien t ,  Side force/qS 

change  of Cy with  angle   of  

roll ing-oment  coefficient,  

change  of C, with  angle  of 

chord 

diameter, in .  

body length ,  24.00 i n .  

l i f t - d r a g  ra t io  

dynamic p res su re ,   p s i a  

cross-sect ional   radius ,   in .  

re fe rence  area, i n  

width 

2 

s i d e s l i p ,  

C C 
n p - 3 0  - n @=OO , deg-I -3 

Rolling moment/qSb 

a x i a l   d i s t a n c e   a l o n g  body from  nose,  in. 

spanwise  coordinate  from  body  centerline,   in.  



L 

Yma x 

Z ver t ica l   coord ina te   f rom  re ference   l ine ,   in .  

maximum value of y a t  p a r t i c u l a r  cross sec t ion ,   in .  

a angle   of   a t tack,   deg 

B angle  of s i d e s l i p ,  deg 

Subscripts:  

-l lower 

U upper 

Model components: 

B body 

B1 lent icular-shaped body 

B2 axisymmetr ic   (c i rcular)  body 

B3 

B4 

H ho r i zon ta l  t a i l ,  s u b s c r i p t   i n d i c a t e s   d e f l e c t i o n  

b i e l l i p t i c a l  body wi th   w id th   equa l   t o   t ha t  of B1 and  upper  and  lower areas 
e q u a l   t o   t h o s e  of B1 

body l i k e  B3 except  width  equal t o  average  of  widths  of B1 and R2 

N nace l l e  

NI 

NM 

NO 

n a c e l l e   i n   i n b o a r d   p o s i t i o n  

n a c e l l e   i n  middle  posit ion 

n a c e l l e   i n   o u t b o a r d   p o s i t i o n  

V v e r t i c a l  t a i  1 

W wing 

APPARATUS AND TESTS 

Descript ion  of   Mdel  

A three-view  drawing  of  the  nominal  complete  configuration i s  shown i n   f i g u r e  1. 
A photograph  of   this   configurat ion  in   the  Langley 20-Inch Mach 6 Tunnel i s  shown i n  
f i g u r e  2. The c ross   s ec t ions   o f   t he  body shown i n   t h e s e  two f i g u r e s  are len t icu-  
l a r .  The wing a i r f o i l  i s  a 3-percent-thick wedge-slab-wedge section,  with  chordwise 
wedge half-angles  of 3O and 4 O  a t  the   l ead ing   and   t r a i l i ng   edges ,   r e spec t ive ly .  The 
nace l l e  i s  sol id ,   wi th   no  a i r f low  through it, as would b e   t r u e   i n  Mach 6 f l i g h t .  The 
nace l le   could   be  mounted in   t h ree   d i f f e ren t   spanwise   l oca t ions ,  as shown i n   t h e  
f r o n t a l  view i n   f i g u r e  1. N o  ramjets were modeled f o r   t h i s  test because  the main 
i n t e r e s t  w a s  i n   t h e   i n c r e m e n t   i n   l i f t - d r a g   r a t i o   c a u s e d  by t h e   t u r b o j e t   n a c e l l e s  
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which would not  be  used a t  Mach  6. The v e r t i c a l  t a i l  has  a 12-percent-thick wedge 
a i r f o i l  and   the   hor izonta l  t a i l s  u t i l i z e  a 6-percent-thick  symmetrical diamond a i r -  
f o i l   w i t h  maximum thickness  a t  50 percent  chord. 

mree other   bodies  were a l s o   t e s t e d ,  a l l  having  the same long i tud ina l   a r ea   d i s -  
t r i b u t i o n  as t h e   f i r s t .  The r e l a t ive   shapes  of the   four  body c r o s s   s e c t i o n s   a r e  
shown i n  f i g u r e  3. A t  t he   t op   o f   t he   f i gu re  i s  B1 which i s  l e n t i c u l a r .  Body B2 i s  
an  axisymmetr ic   (c i rcular)  body. Body B3 i s  b i e l l i p t i c a l ,   w i t h  a width  equal t o  t h a t  
of B1 and  upper  and  lower  areas  equal t o   t h o s e   o f  B1. Body .B4 is  l i k e  B3 e x c e p t   t h a t  
the  width  of B4 is  e q u a l   t o   t h e   a v e r a g e  of the  widths  of B, and B2. Figure 4 shows 
the  planform  and  prof i le   shapes  of   the   four   bodies .  All four  bodies  had  various 
amounts  of  camber  because no at tempt  t o  match body camber w a s  made. A p l o t  of t h e  
long i tud ina l   a r ea   d i s t r ibu t ion   o f   t he   bod ie s  is  found i n   f i g u r e  5. 

A deta i led   geometr ic   descr ip t ion  of  each body can be found i n  t a b l e  I; geometric 
c h a r a c t e r i s t i c s  of t h e  model  components a r e   l i s t e d   i n   t a b l e  11. Notice i n  table I1 
t h a t   t h e r e   a r e   t h r e e   d i f f e r e n t   r e f e r e n c e  spans and  reference  areas .  For t h i s  test, 
the  exposed wing a r e a  was kept   constant ;   thus ,   the   reference  spans  and areas change 
with body width.  For a l l  bodies ,   the  wing reference plane co inc ides   wi th   the  body 
reference  plane.  

wind  Tunnel  and Test Conditions 

The inves t iga t ion  was conducted i n   t h e  Langley  20-Inch Mach 6 Tunnel,  which is  a 
blmdown-type wind tunnel   tha t   exhaus ts   in to   the   a tmosphere   o r  vacuum spheres.  The 
tunnel   has  a two-dimensional  nozzle  and a tes t  s e c t i o n  20.5 in.   high  and 20.0 i n .  
wide. A more de t a i l ed   desc r ip t ion  of th i s   tunnel   can   be   found i n  re ference  6. 

The tests were  conducted a t  Mach 6 and a t  a nominal  stagnation  pressure  and 
temperature  of 400 psi   and 900°R, respec t ive ly .  'Ihe corresponding  free-stream 
Reynolds number p e r   f o o t  was 6.56 X 1 06. Mrodynamic force  and moment da t a  were 
obtained  over a range  of  angle  of  attack  from - 4 O  t o  8 O  and a t   a n g l e s  of s i d e s l i p  of 
0' and - 3 O .  Horizontal t a i l   d e f l e c t i o n s   i n c l u d e  Oo, -1 Oo , and - 2 O O .  N o  a t tempt  was 
made t o   t r i p   t h e  boundary  layer. 

Data  Acquisition  and  Reduction 

Aerodynamic fo rce  and moment d a t a  were measured  with a six-component s t r a i n -  
gauge  balance  which w a s  housed  inside  the model  body  and a t t a c h e d   t o   t h e   t u n n e l   s t i n g  
support  system. The movable s t ing   suppor t   sys tem w a s  pneumatically  driven  through 
the  angle-of-attack  range  during  each  run. 'Ihe angles  of a t t ack  and s i d e s l i p  were 
set  o p t i c a l l y  by using a prism mounted  on the  model t o   r e f l e c t  a point   source of 
l i g h t   o n t o  a ca l ibra ted   char t .  The Mach number  was obtained  with a to ta l -pressure  
probe  which was i n s e r t e d   i n t o   t h e  t e s t  section  upstream  of  the model a t  the  beginning 
and  end  of  each  run.  (Force  data  were  not  recorded  with  the  probe i n   t h e   t u n n e l .  ) 
The Mach number f o r   e a c h   t e s t   p o i n t  was then  determined by l i nea r   i n t e rpo la t ion   w i th  
time.  Typical Mach number v a r i a t i o n  was l e s s   t han  1 percent.  

Straight-l ine  slopes  between  the  data a t  fl = Oo and fl = -3O were used t o  
o b t a i n   t h e   l a t e r a l - d i r e c t i o n a l   s t a b i l i t y   p a r a m e t e r s .  Model  chamber pressure  was 
determined  from  the  average  of two measurements  and w a s  used t o   a d j u s t   t h e   a x i a l -  
f o r c e   d a t a   t o   c o r r e s p o n d   t o  a base   p re s su re   equa l   t o   f r ee - s t r eam  s t a t i c  pressure. 
Nacel le   base  pressures  were n o t  measured. The reference  spans  and  areas  shown i n  
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t a b l e  11 were used i n   c a l c u l a t i n g   t h e   f o r c e   c o e f f i c i e n t s   f o r   t h e   d i f f e r e n t  
configurat ions.  

THEORETICAL METHOD 

A t h e o r e t i c a l   a n a l y s i s  of t h e  model was  made using  the  Spalding-Chi  skin- 
f r i c t i o n   c a l c u l a t i o n  method with  turbulent   f low assumed ( r e f .  7) and  with  tangent- 
cone  impact  theory  on  the  bodies  and  tangent-wedge  impact  theory  on  the  wings 
( r e f s .  8 and 9 ) .  The numerical  representation  of  the  wind-tunnel-model  geometry was 
spec i f ied   accord ing   to   the  method of  reference 1 0 ,  and  additional  coding w a s  used t o  
t r a n s l a t e   t h e   s u r f a c e  geometry to   t he   i npu t   fo rma t   fo r   t he  computer  program  of  refer- 
ences 8 and 9. A computer-generated  three-view  drawing  along  with  an  oblique-view 
drawing  from  the  program  of  reference 1 0  f o r   t h e  BIW configurat ion i s  shown i n  
f igu re  6. 

DISCUSSION 

I n  f i g u r e  7,  t he   s t a t i c   l ong i tud ina l   ae rodynamic   cha rac t e r i s t i c s   fo r   t he  B1 
configuration  buildup  are  presented.  ?he  trends  are  as  expected:  increased 
with  increased  planform  area; improvement i n   l o n g i t u d i n a l   s t a b i l i t y   w i t h   t h e   a d d i t i o n  
of  the wing, wi th   fur ther  improvement upon add ing   t he   t a i l s ;   i nc reased  C f o r  
each  added  component; a major  improvement i n  maximum L/D with  the  addition  of  the 
wing,  then a decrease  with  each  added component.  Note t h a t   t h e   a d d i t i o n  of t h e  
nace l l e s   r e su l t ed   i n   an   8 -pe rcen t   d rop   i n  maximum L/D. 

cL 

D, 0 

The aerodynamic  character is t ics  of t he   fou r   bod ie s   a lone   a r e  compared i n   f i g -  
ure  8. The wider  bodies  have  higher maximum l i f t -drag   ra t ios   than   do   the   nar rower  
bodies.   ?he  posit ive CL a t  cm = 0 f o r  B1,  B3, and B4 i s  caused by the  camber  of 
the  bodies.  A comparison of t h e   t h e o r e t i c a l  and  experimental  aerodynamic  charac- 
t e r i s t i c s  of the  four   bodies   a lone i s  presented i n  f i g u r e  9. The tangent-cone  theory 
cannot   account   for   losses  due to   pressure  bleed  around  the  edge of the  bodies  and 
poss ib le   separa t ion  on the  upper  surface;  therefore,  a much higher L/D is predic ted  
than i s  achieved. 

With the   add i t ion  of t he  wing, the  trends  found i n  t he   da t a   fo r   t he   bod ie s   a lone  
a r e  changed, as   can  be  seen i n  f i g u r e  1 0 ,  where the  aerodynamic  character is t ics   of  
the   four  BW conf igura t ions   a re   p resented .  A t  pos i t i ve  CL, L/D f o r   t h e  B2W config- 
u ra t ion  is  the  same a s   t h a t   f o r   t h e  B,W and B W conf igura t ions ,  which was no t   an  
expected  resul t   because it w a s  thought   tha t   us ing  a wider body  would r e s u l t   i n  a 
higher body-wing L/D. Also  seen i n  t he  L/D curves i s  t h a t   a t   n e g a t i v e   l i f t   c o e f -  
f i c i en t s ,   t he   va lues  of L/D a r e   g r e a t e r   i n  magnitude  than  those a t  pos i t i ve  CL 
f o r   a l l   c o n f i g u r a t i o n s   e x c e p t  B2W (maximum L/D w a s  not   achieved a t  negat ive a 
because  of  balance  fouling).   In  other words , these   conf igura t ions   a re  more aerc- 
dynamica l ly   e f f i c i en t  when inverted.  These re su l t s   a r e   p robab ly   caused  by t h e   d i f -  
f e r e n c e   i n   t h e   d i s t r i b u t i o n  of body  volume above  and  below t h e  wing. As mentioned 
previously,   the  wing reference  plane  coincides   with  the body reference  plane.  A s  was 
s e e n   i n   f i g u r e s  4 and 5, bodies 1,  3, and 4 have  considerably more volume above t h e  
reference  plane  than  below it. This l a r g e r  volume above  the  reference  plane  causes 
l a rge r   i n t e r f e rence   p re s su res  on t h e  wing  upper  surface  than  those  occurring  on  the 
l o w e r  wing s u r f a c e ;   t h u s ,   l i f t  i s  reduced. This reasoning i s  supported by t h e   f a c t  
t h a t   t h e   c u r v e s   f o r  CL versus  a for t h e  body-wing conf igura t ions  show a 
negative CL a t  a = 0 for   bodies  1 ,  3, and 4 as compared with CL = 0 a t  a = 0 
f o r   t h e  body-alone  configurations shown i n   f i g u r e  8. Inver t ing   the   conf igura t ions  
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( o r   r a i s i n g   t h e  wing)   should  put   the   larger   interference  pressures   on  the  bot tom; 
thus,  L/D is  improved. The tangent-wedge  estimates  for  the  wings, when added t o  
the  tangent-cone  estimates  of  the  bodies,  are shown i n   f i g u r e  11. This method of 
ca lcu la t ing   fo rces  is  unable t o   p r e d i c t   i n t e r a c t i o n s  between  components  and, 
therefore ,   could   no t   t ake   in to   account   the   body-genera ted   p ressure   f ie ld   ac t ing   on  
t h e  wing. 

The e f f e c t  of n a c e l l e   l o c a t i o n   o n   l i f   t - d r a g   r a t i o  of t h e  B,WN configurat ion is  
shown i n   f i g u r e  1 2. Moving t h e   n a c e l l e s   i n b o a r d   r e s u l t s   i n  a s l i g h t   i n c r e a s e   i n  
L/D, probably  because  of a d e c r e a s e   i n   t h e  amount  of  wing  upper sur face   in f luenced  by 
the   pos i t i ve   p re s su re   f i e ld   gene ra t ed  by the  nacel les .   Nacel les  may a l so   p roduce  
pos i t i ve   i n t e r f e rence   e f f ec t s   ove r   t he   boa t t a i l ed   fu se l age   a r eas .  

H o r i z o n t a l   t a i l   e f f e c t i v e n e s s  i s  shown i n   f i g u r e  13.  The configurat ion would be  
trimmed  and n e u t r a l l y   s t a b l e   f o r  a t a i l  de f l ec t ion  of  about -2O. As seen by the  
curves   for  Cp and L/D, a small nega t ive   hor izonta l  t a i l  de f l ec t ion  would improve 
the  aerodynamlcs  of  the  complete  configuration. 

T a t e r a l i l i r e c t i o n a l   c h a r a c t e r i s t i c s  are p resen ted   i n   f i gu res  1 4  and  15. The 
to t a l   con f igu ra t ion  is  l a t e r a l l y  and d i r e c t i o n a l l y   s t a b l e  a t  a l l   a n g l e s  of a t t ack .  
(See f i g .  14. )  Although a l l  body-alone  configurations are d i r ec t iona l ly   uns t ab le ,  
t h e  body wi th   t he   sma l l e s t   p ro f i l e   a r ea  (B3) i s  t h e   l e a s t   d i r e c t i o n a l l y   u n s t a b l e .  
(See  f ig.   15.)  

CONCLUSIONS 

Longi tudinal   aerodynamic  character is t ics   for  a hydrogen-fueled  hypersonic  trans- 
p o r t   c o n c e p t   a t  Mach 6 a re   p re sen ted  i n  t h i s   r e p o r t .  The model  components cons is ted  
of fou r   bod ie s   w i th   i den t i ca l   l ong i tud ina l   a r ea   d i s t r ibu t ions   bu t   d i f f e ren t   c ros s -  
sectional  shapes  and  widths,  a wing, h o r i z o n t a l   a n d   v e r t i c a l  ta i ls ,  and a s e t  of 
wing-mounted nacelles  simulated by so l id   bod ie s  mounted on t h e  wing upper  surface. 
The folluwing  conclusions  can  be drawn  from t h i s   s t u d y :  

1 .  Body cross-sec t iona l   shape   for   the   range   of   geometr ies   s tud ied   appears   to  
have l i t t l e  impact  on body-wing c o n f i g u r a t i o n   l i f t - d r a g   r a t i o  which is  
cont ra ry   to   impact   theory   p red ic t ions .  

2. The r e l a t i v e   d i s t r i b u t i o n  of fuselage volume above  and  below the  wing has  an 
e f f e c t  on the  aerodynamic  efficiency  of  the body-wing configurat ions 
tes ted .  

3. The add i t ion  of t he   nace l l e s  on t h e  wing  upper  surface of the  nominal  config- 

4. For the  nominal  configuration, a s l i g h t   i n c r e a s e  i n  l i f t - d r a g   r a t i o   c a n   b e  
u r a t i o n   r e s u l t e d   i n   a n   8 - p e r c e n t   d r o p   i n  maximum l i f t - d r a g   r a t i o .  

r ea l i zed  by proper ly   p lac ing   engine   nace l les   in   c lose   p roximi ty   to   the  
fuselage. 

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
November 4, 1983 
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Body 1 

TABLE I.- GEOMETRIC DESCRIPTION O F  MODEL BODIES 

Body 2 

r 

x, in. 

0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 

0 
.3  286 
.6183 
.8676 

1 .0735 
1.2278 
1 .3064 
1.3193 
1 .2708 
1.1 330 
.9476 
.7 346 
.5000 

B o d y  3 

=U' 
in. 

0 
.3225 
.5484 
.7121 
.8390 
.goo8 
.9040 
.8432 
.7823 
.7215 
.6606 
.6000 
.5000 

b 

21  
in. in. 

0 

- .1162 
.3287 -.0581 
0 

.5000 - .5000 

.7497 -.4885 
1 .0099 - .4771 
1.2503 -.4657 
1.4233 - -4510 
1.4537 -.4068 
1 .3960 - .3487 
1.2872 -.2906 
1 .lo63 - .2325 
.8846 -.1743 
.6228 

I I I I I 

x, in. 
in. 

b,, bU I at 
in. in. 

0 

- .2057  -7602 1 .0735 8 
-.1542  .6640  .8676 6 
- -1 028 .5191 .6183 4 
- .0514 .3061 .3  286 2 
0 0 0 

10 1.2278 .8161 -.2571 
12 1 .3064 .8139 

- .5000  -5000  .5000 24 
-.4720  .5523  .7  346 22 
- .4440 -6046 .9476 20 
- .4 160 .6569 1 .1330 18 
- ,3880  .7093 1 .2708 16 
-.3600  .7616  1.3193 14 
- .3085 

r1 I 
in. 

0 
-.9583 

-1 .7031 
-2.2464 
-2.5945 
-2.7391 
-2.621 6 
-2.3427 
-2.01  59 
-1.61 1 1  
-1 .1796 
-.7966 
- .5000 

x, in. 

0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 

Body 4 

r r  

in. 

0 
.2376 
.4400 
.6083 
.7300 
.8150 
.8627 
.8654 
.8360 
.7731 
.6965 
.6051 
.5000 

r 7 

0 
2 

0 0 

.9110 .8990 8 

.7871 .7335 6 

.6049 .5 290 4 

.3527 .2891 

10 1.0230 .9852 
12 1 .0794 .9830 
14 1.0890 

.5000 .5000 24 

.6 1 40 .6714 22 

.6946 .8222 20 

.7724 .9 494 18 

.8470 1 .0454 16 

.9177 

- 
~ ~ 

"~ 

0 
-.0630 
- .1260 
- .1890 
- .2520 
-.3150 
- .3780 
-.4410 
- .479 1 
- .4952 
- -5000 
-.5000 
- .5000 

.. 
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TABLE 11.- GEOMETRIC CHARACTERISTICS O F  THE WIND-TUNNEL MODEL COMPONENTS 

Reference area. i n 2  ..... 
Reference  span. i n  ...... 
A s p e c t   r a t i o  ............ 

Body 1 Body 2 Body 3 Body 4 

49.1 4 44.1 0 49.1 4 46.56 
1 1  . 24 10.34 1  1 . 24 10.78 

2.57 2.42 2.57 2.50 

Body: 
Length. i n  .................................................................. 24.00 
Volume. i n 3  ................................................................. 34.79 

wing: 
Root  chord a t  body c e n t e r l i n e .   i n  ........................................... 
Tip  chord. i n  ............................................................... 
T a p e r   r a t i o  ................................................................. 
Trailing-edge sweepback angle.  deg: 

Inboard  panel ............................................................. 
Outboard panel  ............................................................ 
Inboard  panel ............................................................. 
Outboard panel  ............................................................ 
Inboard  panel ............................................................. 
Outboard panel  ............................................................ 

Incidence  angle.   deg ........................................................ 
A i r f o i l   t h i c k n e s s   r a t i o  ..................................................... 
Leading-edge r a d i u s .   i n  ..................................................... 

Leading-edge  sweephack  angle.  deg: 

Dihedral  angle.  deg: 

Horizontal  t a i l :  
Span. i n  .................................................................... 
Root chord a t  y = 0.500, i n  ................................................ 
Taper r a t i o  ................................................................. 
Leading-edge  sweepback angle.   deg ........................................... 
Dihedral  angle.   deg ......................................................... 
Incidence  angle.   deg ........................................................ 
A i r f o i l   t h i c k n e s s   r a t i o  ..................................................... 
Leading-edge r a d i u s .   i n  ..................................................... 

Tip  chord. i n  ............................................................... 
Trailing-edge sweepback angle.  deg .......................................... 

Vertical t a i l :  
Maximum he igh t  above r o o t  chord. i n  ......................................... 
Root chord a t  z = 0.500 i n  ................................................. 
Tip  chord. i n  ............................................................... 
Taper r a t i o  ................................................................. 
Leading-edge  sweepback angle.   deg ........................................... Trailing-edge sweephack angle.  deg .......................................... 
A i r f o i l   t h i c k n e s s   r a t i o  ..................................................... 
Wedge angle.  normal to   leading  edge.   deg .................................... 
Leading-edge  radius. i n  ..................................................... 
Projected  base area. i n 2  .................................................... 

5.60 
1 .223 
0.218 

35.00 
20. 00 

35.00 
60. 00 

0 
2. 00 

0 
0.03 

0.005 

4.50 
2.81 
0.40 

0.1 5 6  
20.00 
60. 00 

0.00 
0. 00 
0.06 

0.005 

2.50 
3.45 
1.18 
0.34 

27.50 
55. 00 

0.12 
6. 00 

0.005 
0.69 5 
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1.225 A -A 

L r 1  

Figure 1.- Drawing of B,WNOHV configuration.  Linear  dimensions are in   i nches .  
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- B4 

Figure 3.-  Cross-sectional  shapes of f o u r   b o d i e s   a t  
l oca t ion  1 2  in .  behind  nose. 
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Figure 4.- Comparison of p lanform  and   prof i le   shapes  of four   bodies .  



i n  2 

2.4 

2 .0  

1 . 6  

1 . 2  

.8 

. 4  

0 

I 

1 2  

X, in. 

1 6  

T 
T 
m m 

20 

F igure  5.- M e a   d i s t r i b u t i o n   f o r   b o d y - a l o n e   c o n f i g u r a t i o n .  
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Figure 6.- Computer-generated  drawing of B,W configuration. 
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Figure 9.- Comparison  of theoret ical   and  experimental   aerodynamic  character is t ics   of  
four  body-alone  configurations. 

20 



t 

.014 

* 012 

. 010 

CD .008 

.006 

-004 

.002 

0 

.08 

.06 

.04 

cL 

.02 

0 

-. 02 

-. 04 
-5 -4 -3 -2 -1 0 2 3 4  

3 B2-- 0 

B3- 0 
B4- --A 

5 6 7 8 9 

Figure 9.- Concluded. 

2 1  



6 

4 

2 

0 

- 2  

-4 

-6  

0 

4 

0 

-4 
-. 12 - -08 - .04 

I I  
!1 
I 
l i  
0 04 L6 

Figure 10.- Comparison  of longi tudinal   aerodynamic  character is t ics  of four  
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Figure 13.- E f f e c t   o f   h o r i z o n t a l   t a i l   d e f l e c t i o n  on longitudinal  aerodynamic 
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